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Toe ottulge sbenomenu of ruranormul #unctions of 
tuc uluwun pvuay atfecting on u shoutuseisitive Diode 


by Zheng Tiun aimZne Mian Lin,suo ain,wu Jun,Chen wuo Chui 
(Yunnan University) i Hong Yi (Wuhan Univereity) 
- 
Abstruct oe 

The strange vhenoneno produced on u photosenelitive diode held in 
tue polm of a child with parenornel function are report in this 
pover.The Characteristic-Curve Tracer indicutes thot by concentrat- 
ing their mind upon their polne,or "working", the children with 
purcnorgul funetion cun emit unknown rudiution,which can induce eb- 
noruul enunge in the photosensitive dioae and alter the charucter- 
ietic curve thereor.The chief teutures of such chungee ure is 
follows: ; 

L.A negutive ent ie produced even when the photosensitive diode 
ig covered with u° piece of bluck puper. 

&.The buck resistence if conspicuously reduced and the leckuge 
current increuged surprisingly. 

w.ithe closed loop of the reverse churucteristée curve which is 
due to the defecte ot the dioae is subject to phute chunges during 
tue “worKking". - 

weitere ig no eppurent ditference in tae adove mentioned phenomens. 
@uring the course of the experiment whether u piece of Gluck puper 
is plucea Getween tne diode end the pulm or not, 

5.The churucteristic curve is restored to ite norwul stute when 
the child stops his or her "working". 

After mognifying the purynornal chiunge with u-radiometer umplifier, 
the output potentiol vuriatione ure displayed with an X-Y record. 
It is found thot the unknown radiation is closeky reloted to the 
perunormyl funetion.The following importunt ferturese ere onorerved, 

1.The children with puranornul function produce n@éx: tive resdings 
on the rudigneter in comurigon witn the positive re.dinugs obtcined 
wuen light rudiution is received. 

2.There ure aitferekces of Z-y order of mugnitude in the potentisl 
chungee producea detween normul children und thore Gifted with purcc- 
normul functions. Thelutter ure 10-1C3whereve the former sre 10-1C? 

w.eThe results obtuined when the gifted children ure "working" und 
when they ure not "working" with the diodé are consvicuously diftrer- 
ent.Tne waluecs ure zero when tuey ure not “worsing". 

4 Ween the glrted chiidrven were in the couree of recorgnizing 
hiocen letters,or pructising teleputhy or ka,the curves on tne a-Y 
TeCUhOS) ute closely relutea to thoee displuyea in toe course of 

woréing" witn the Giode,rising fron the oeginning ot "working" und 
Gropping to toe zero level at tne ena of “workcing". 

— 5.Wnen the gifted children were wotching the recolaing @ppurutus, 
the resulting reudiuge were nigher.It seems thut there vuppeured un 
@Ciaon OF congsclous recedwuack, 
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o.Tnese cre grect aifferences in tne graphic recordlupse 
Tor g1l1ierent fndividiale among tne giftea chilaren. 

7,.1In conpuring meceurement en the «-¥ recoruer for mind 
COUCELTULION Upou tus puss oetween pructitionere of Chinerce 
Murtind urte una tue gartea children,the children showea sigher 
NeLALTeweuve On vac Lverage, although a few martial arts prae- 
titioners uleo scorea nigh, é 

Tuc wOuve results incicute tnur tue photeseutltive aioae is 
L Builavle oevice tor me.sureay, ovjectively the stiase anfor- 
metion emitieu oy children with puranormel fuuct.one, 


plu.ished an “savure yournul" 4,6,.(1%61) 
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THE STRANGE PHENOMENON OF PARANORMAL FUNCTIONS OF THE HUMAN BODY 
EFFECTING ON A PHOTOSENSITIVE DIODE: 
ANALYSIS AND RECOMMENDATIONS FOR FURTHER STUDY 


Experimental Procedure 


Based upon the abstract provided, original figure captions and 


SG1A 


and apparatus appear to have been utilized for the first set of experiments: 


* A photodiode with a sensitivity of 1077 watts cm™? 
in a bandwidth of 190-1100 nm was used, From Sze* 
(Figure 24 on attachments) we expect this to be a 
Silicon device. 


* The photodiode was contained in a "well" of some 
sort surrounded by a "protection ring" and covered 
with black paper. At present the thermal and 
electrical properties of this encapsulation are 
unknown, 


ww e A characteristic curve tracer (Model JT~1) was used 
to reverse bias the diode and measure its voltage- 
current response under various conditions, 


e The curve tracer was set up so that the voitage 

axis was .5 V per dimension and the current .01 mA/div. 

Diode breakdown (the "knee" of the curve) was -6V with 

a 1 KQ current limiting resistor. 
Each subject then held the photodiode assembly in their palm and attempted 
to influence the device, Successful experiments were marked by change in 
the I/V characteristic from that typical of a diode to one more like a 

t 

resistor with some parallel capacitance as seen in Figure 2b. In fabri- 
cating prototype diodes this type of curve is seen quite often when the 


“blocking” contact fails or the diode is partially shorted by conductive 


surface states. 


«physics of Semiconductor Devices, S. M. Sze. 
Taasaise number used in original Chinese text. 
1 
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A second set of experiments was carried out with apparently the same 


type of photodiode: 


e The output of the diode has been amplified by a 
"radiometer" amplifier. It is not clear whether the 
diode is reverse biased or used as a solar cell with 
only the carrier diffusion length as an active volume, 


* With "normal" children the amplified output was 1075-1076 
2 
W/em, 


* With "exceptional" children bursts of signal (noise?) 
were observed up to 1072-1073 W/cm? over periods of 
several minutes. 


Analysis 


The results of both sets of experiments are open to several explana- 


tions due to the ambiguous nature of the experimental procedure. 


e The change in I/V characteristic could be due to simple 
heating of the diode, Attachments one and two both show 
how leakage current varies with temperature. A 10°C rise 
above ambient could be expected from a hand-held device, 
resulting in a larger leakage current, In addition, the 
breakdown knee will sometimes move toward lower voltages 
as the temperature rises resulting in noise or breakdown 
bursts. Finally, surface states which are not seen at 
room temperature may become active at higher temperatures 
resulting in the hysteresis seen in the "exceptional" 

I/V characteristics. 


e If the diode and its container are not adequately 
electrically shielded, the effect of holding the 
assembly in one's hand would be to add components 
of stray resistance and capacitance to the output 
signal. This effect would be similar to that shown 
in Figure 2b. Anyone who has worked with electrometers 
is familiar with this effect. The usual cure is to use 
BNC connectors and coaxial cable, 


e Finally, the infrared radiation associated with a black 
body at skin temperature (310K maximum) might cause 
some of the signals seen in the second set of experiments. 
In particular, a warmer than room temperature diode could 
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be operating in an already high leakage condition whereby 
extra input (static charge, IR radiation) might initiate 
carrier avalanche--yielding large noise bursts, Attached 
are several pages of figures and calculations which 
demonstrate that the sensitivity of the detector lies 
clearly in the IR region, Furthermore, application of 

the Stefan-Boltzmann law demonstrates that ~5 x 1073 W/cm? 
may be available from a black body of 10% efficiency. 
However the peak of the distribution falls at about 9-10 np. 
At this wavelength neither a silicon or germanium diode 

is very efficient. This result suggests one of the two 
preceding mechanisms as a more likely candidate. 
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EFFECTIVE QUANTUM EFFICIENCY 
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Fig. 24 Effective quantum efficiency (hole-electron pairs/photon) versus wavelength for Ge 
<s eT photodetectors. 

(After Melchior and Lynch, Ref. 39.) 7 
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(a) 


Fig. 25 

(a) Equivalent circuit and 

(b) noise equivalent circuit of a photodiode, where R Is the series resistance and C is the 
junction capacitance. 

(After DiDomenico and Svelto, Ref. 35.) 
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4 Photodetectors 


available power for the photo. 


1 
. Piy = 3 lFeo(o)| 


It is interesting to compare E 
For a typical photodiode with 
a photoconductor with the sar 
available power from the phot 
from the photoconductor. 
The signal-to-noise perform 
equivalent noise circuit shown 
noise source due to the series 
source. The signal-to-noise ra’ 


Y] 
(S / N ) ae = 4] 
Comparing Eq. (44) with Eq. 
at high-level detection where 
SNR is comparable; at low-lev 
however, the SNR of the pho 


B. The p-i-n Photodiode 
depletion-layer photodetector. 
(the intrinsic layer) can be tai’ 
frequency response. A typical 
Fig. 26(a). Absorption of ligh 
pairs. Pairs produced in the de 
will eventually be separated by 
external circuit as carriers drif 

Under steady-state conditio: 
biased depletion layer is given 


where J,, is the drift current 
region and Jair is the diffusior 
side the depletion layer in the t 
reverse-biased junction. We s 
assumptions that the thermal g 
surface m layer is much thinn: 
electron generation rate is giv: 
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DETECTORS AND DETECTOR SYSTEMS 


SILICON CHARGED-PARTICLE DETECTORS 


characteristics. The detector changes include in- 
creased noise and changes in voltage drop across the 
load resistor, which require adjustments to the applied 
bias voltage, which in turn change the electric-field 
strength. Thus carrier trapping and increased detector 
noise are degrading to energy resolution. 


Resolution degradation appears as a broadening of the 
response for a monoenergetic source. With increasing 
doses of neutrons, charged particles, or fission frag- 
ments, the low-energy side of the response peak may 
begin to show a definite secondary peak. Continued 
irradiation results in further broadening, until, in ex- 
treme cases, the multiple peaks may merge com- 
pletely. Electron bombardment tends to increase leak- 
age current, resulting in excess detector noise, which 
broadens response peaks. Some of these damage ef- 
fects may undergo a degree of annealing, but there is 
always a significant residual deterioration after a suffi- 
cient dose has been accumulated. 


, Partially depleted detectors are more susceptible than 
are fully depleted devices to deterioration from radia- 
tion damage. Radiation damage for different types of 
detectors are compared in Table 2, which gives the 
dose for various particles to significantly deteriorate 
the detectors. 


OPERATING TEMPERATURE 


As a rule of thumb, increasing the operating tempera- 
ture of a charged-particle detector causes t 
current to increase by a factor of 3 for each 10°C rise, 


—fasillina in a noise-width increase of approximately. 1.7 

keV per ise. The upper temperature limit is deter- 
mined by the maximum acceptable noise or by the 
ultimate breakdown of the detector (usually between 
45 and 55°C). The effects of high-temperature break- 
down are permanent and are not covered by the war- 
ranty terms. An additional effect is the shift in detector 
bias caused by the higher leakage current. This leak- 


age current increases the voltage drop across the se- 
ries bias resistor, thus lowering the bias voltage across 
the detector. When high-temperature operation is 


“necessary, a constant sensitive depth is maintained 


over the entire operating temperature range only if a 
totally depleted detector is used with sufficient 
overbias to compensate for the drop across the series 
bias resistor, which should be as small as possible 
(usually 1 to 3 MQ is adequate). 


Decreasing the operating temperature of the detector 
reduces junction noise and leakage current. However, 
the capacitance of the device is a constant limiting 
parameter of the system noise. Another limitation to 
successful operation at low temperatures is the expan- 
sion coefficient of the detector’s component parts. The 
expansion coefficient is similar for silicon and for lavite, 
the ring in which the silicon wafer is mounted, but is 
quite different for the bonding epoxy. Therefore at very 
low temperatures the epoxy may crack, causing exces- 
sive noise or loss of contact. The probability of low- 
temperature damage increases with detector size. For 
cooled operation, detectors fabricated with cryogenic 
epoxy may be special ordered from ORTEC. 


Another effect of decreasing the operating tempera- 
ture of a silicon detector is an increase of the average 
energy necessary to create an electron-hole pair, e. 
Due to a widening of the bandgap of silicon in the 
temperature range from 300 K to 80 K, e€ increases. 
from 3.62 eV to 3.72 eV. A result of this increase is an 
apparent shift in energy of a measured spectroscopic 
line. For instance, Fig. 8 shows the apparent peak shift 
of the 5.477-MeV 241Am alpha particle peak in the 4.2- 
K to 320-K temperature range measured with silicon 
charged-particle detectors. 


SHOCK AND VIBRATION 


Many ORTEC surface-barrier detectors have been 
subjected to the shock and vibration tests required for 


Table 2. Comparison of Radiation Damage in Silicon and Germanium Particle Detectors 


Type of Detector 


Surface barrier 10%° 
Diffusion junction 10" 
Si(Li) 10” 
Ge(Li) 


Radiation Damage (particles/cm’) 


Alpha 
Electrons Protons | Particles 


10®-10° 


Fission 
Fragments 
107° 10° 10° 
107° 10° 10° 
10°-10° 


a 


Approved For Release 2000/08/11 : CIA-RDP96-00792R000300280001-4 


27 


2s TS TS 
ij 3g = iaudaniaened lnreey. EEL Eee 


Ee es eee 
a6 eee rT] 

tts ey Li EL i oe a 
Soe Dore eietoied a 
a QC - 2 Sacnnne 


‘3 7] : 
a3 _ ppp eee rer Cec S71: 
ot. (ea LEL ET TTP eee eee eee eee aaa Pitty BERR SERRE EB PrrPor Gaaennmaece 

qocea LL ieee rt > 


pe sanaeen ae tors 
: 207888 7] , ann Gaeeeen on 
. Ce = TTT yet nanan mis. 6am Pel 
ae a Baeeeennees Aenean CCEA |. 
Ue Gey eer Pc ea er me ap TTT AT TTT COCO AS TTT Tray 
AO CO Ce ee eee ' L¥1Lo-. BEM) SRRSRREEes cee vane — I< 
CTT TTT TOOT Et BERS GGP 2d SRR es ey Ce 
2 SERENE RR RRR ee Pee iv Pee Ria? anenr: Vanna —or 
8S COCO TPP Prcree ARES CERES DRS Ieee 
ae a ee ee AUT ITT Ty mEenennan 
Oo COTTE men AP TTT Try 


3 | 8 COTO 
‘ << SERRE ERAS Base TTT SREB "4 fy’) 
oe Ee sane 
S Mes) 
Stee aaussaugensuan Breicreredenscccecsecenss sgscavsces(sessess=t 
Se PRE Eee H Pfr ane eet Hp BREE 
é $0) BERR RRR +i @ BERGS), SREB 
4 8 panne vr, 
LS BRREKeRP ANAS 1¢i-_o. AB b - 4 
Poors) RCE 2 
meek og BE a a cae 
oy (J SERES EU EEGSEREURBEGeEaenee aseugeeaee ssttaces sassesstsesetsens egseecarsesasccet' s 
o a yore ; - Pitty ey RRR MAR OL. i ARR 
9 ri tit ry yey on se Beae SRR Reet 
fo] SESE SE SESH SSE SEESSRURSRSGASGGaRRSEGRGGS/Senunea ScStRecesrets sceas pind oeeeed oeesacers 
Be et ote 
8 EH PN Ce seceee ArH HEE EE AEE sesacesetavassacere'e 
QrrTrTiT Tyrer ry a WT TTT pepper | Pt t. ng gal [ft] }-< as - 2 bil re ptt 
bd besneevenenstaceeecalct au Seunnuaaue 7G Bh heh ewe Pg 
* HEE HES EES aaa gone iw Lun | a2 ynost astaw elem toa 
‘ rt ean viecun + da HH [ Pt] Et Bee ee eet 
{ 


“ “ , ws nupeg © % ) ‘ 
LE See SF (OC AL OL OL avaes » HOA aN HUNG = NOLWEOdYOD SIOULNGS diMéwHS (ade HoAvEe § eg e, 


3 Chap. 39 


Fig. 39-17 


sing “harged. (a) Show that the 
wiii___al volume. (b) Show that 
ia y integrating the Poynting 
6 equal to the rate at which the 


®), 


energy density for all points within 
she Poynting vector point of view, 
gh the wires but through the space 
we must first find B, which is the 
ring the charging process; see Fig. 


Nature and Propagation of Light 
pgs Hh LE ON ae 
j CHAPTER 40 


40-1 Light and the Electromagnetic Spectrum 


Light was shown by Maxwell to be a component of the electromagnetic 
spectrum of Fig. 40-1. All these waves are electromagnetic in nature and 
have the same speed c in free space. They differ in wavelength (and thus 
in frequency) only, which means that the sources that give rise to them and 
the instruments used to make measurements with them are rather different. * 
The electromagnetic spectrum has no definite upper or lower limit. The 
labeled regions in Fig. 40-1 represent frequency intervals within which a 
common body of experimental technique, such as common sources and com- 
mon detectors, exists. All such regions overlap. For example, we can pro- 
duce radiation of wavelength 1073 meter either by microwave techniques ~ 
(microwave oscillators) or by infrared techniques (incandescent sources). 


10° =10_~—s 10? 1 107 107* 107@ 107° 107” 10" = 107% 
Wavelength, meters 


Fig. 40-1 The electromagnetic spectrum. Note that the wavelength and frequency 
acales are logarithmic. 


*For a report of electromagnetic waves with wavelengths as long as 1.9 X 10’ miles 
the student should consult an article by James Heirtzler in the Scientific American for 
March 1962. 
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994 NATURE AND PROPAGATION OF LIGHT Chap. 4( 
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“Pig. 40-2 The relative eye sensitivity of an assumed sfandard observer at different wave- 
lengths for normal levels of illumination. The shaded areas represent the (continuously 
graded) color sensations for normal vision. 


“Light” is defined here as radiation that can affect the eye. Figure 40-2, 
which shows the relative eye sensitivity of an assumed standard observer to 
radiations of various wavelengths, shows that the center of the visible region 
is about 5.55 X 107” meter. Light of this wavelength produces the sensa- 
tion of yellow-green.* 

In optics we often use the micron (abbr. y) the millimicron (abbr. my), 
and the Angstrom (abbr. A) as units of wavelength. They are defined from 


1 = 10~* meter 
1 mp = 10° meter 
1A = 107° meter. 
Thus the center of the visible region can be expressed as 0.555 wu, 555 my, or 


5550 A. 

The hmits of the visible spectrum are not well defined because the eye 
sensitivity curve approaches the axis asymptotically at both long and short 
wavelengths. If the limits are taken, arbitrarily, as the wavelengths at 
which the eye sensitivity has dropped to 1% of its ee value, these 
limits are about 4300 A and 6900 A, less than & actor of two in wavelength. 
The eye can detect radiation beyond these limits if it is intense enough. In 


many experiments in physics one can use photographic plates or light-sensi- 
tive electronic detectors in place of the human eye. 


* See “Experiments in Color Vision” by Edwin H. Land, Scientific American, May 
1959, and especially “Color and Perception: the Work of Edwin Land in the Light of 
Current Concepts” by M. H. Wilson and R. W. Brocklebank, Contemporary Physics, 
December 1961, for a fascinating discussion of the problems of perception and the distinc- 
tion between color as a characteristic of light and color as a perceived property of objects. 


